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Abstract
This paper provides an econometric evaluation of the impact of two innovative care
programs for elderly people with dementia (day-care centers and group-living) on the well-
being of the primary caregiver of patients. For this evaluation, we use data from a survey
conducted in six European countries in 1998. The results show that, after adjusting for
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11 Introduction
"Eine eigenartige Krankheit der Hirnrinde" was published by Alois Alzheimer in 1907 and sunk
quite soon into oblivion1. But during the past decade, the major increase in life expectancy and
the growing number of elderly turned the odd pathology and related mental disorders into a key-
issue for public health with wide consequences for public expenditure and social health insurance.
According to the PAQUID study (Baberger-Gateau, Commenges, Dartigues, Decamps, Dequae,
Jacqumin, Letenneur and Nuissier [1993]) the prevalence rate of Alzheimer's disease and related
degenerative dementia, in France, rose with age from about 5 percent for persons over 65 to 20
percent over 85. At the European level, the EURODEM studies (Amaducci, Andersen, Brayne,
Copeland, Dartigues, Dewey, Hofman, Kragh-Sorensen, Launer, Letenneur, Lobo, Martinez-
Lage, Ott and Stijnen [1999], Andersen, Breteler, Copeland, Dartigues, Fratiglioni, Hofman,
Launer, Lobo, Martinez-Lage and Soininen [1999]) reveal that the prevalence ¯gures nearly
double with every ¯ve years of increase in age. Other recent European surveys (Bouten, Lanoye,
Pacolet and Versieck [1998]) evaluate the number of elderly persons with Alzheimer disease or
related dementia at about three millions.
In spite of advances in pharmaceutical research, the diagnosis of Alzheimer's disease is as-
sociated with a hopeless prognosis. But from the very beginning of the disease until death,
patients su®ering from Alzheimer's disease or related dementia require medical and social care
for everyday activities. Help and care facilities developed for physically-impaired elderly patients
(Organization for Economic Cooperation and Development [1996], Eisen and Sloan [1996]) give
a rather poor answer to the speci¯c situation of those su®ering from degenerative dementia. At
home, informal caregivers (most of the time relatives) have to provide the main portion of a 24
hours-a-day care, and their contribution increases with the worsening of the physical and mental
state of their relative. Residential care provided by nursing-home or long-stay hospitals does
not o®er a better solution. Coexistence with other residents can be tricky, institutionalization
generally increases disorientation symptom of patients and informal caregivers often feel evicted
from the life of their relatives.
These observations led some professionals working in the ¯eld of long-term care to develop
innovative care programs. Among the new care structures which appeared since the 1980's, day
1The original manuscript was published in Allgemeine Zeitschrift fÄ ur Psychiatrie und Psychisch-Gerichtliche
Medizin.
2care centers (Litwin [1999]) for Alzheimer's disease or related senile dementia patients on the
one hand, and group-living (Adolfsson, Asplund, Mattson, Wimo and Lundgren [1995]) on the
other hand appear as the main favorable alternatives to traditional home and residential care.
The e±ciency and the suitability of these new care structures now need to be evaluated.
Two major di±culties have to be overcome for this purpose. The ¯rst one is related to
selection bias. As the context does not allow for controlled and randomized experimentation,
the evaluation requires special methods to measure the true e®ect of these innovative care
programs (compared with the traditional ones) adjusted for potential selection bias arising from
the self-selection of the patients with regard to the programs. In the past ¯fteen years, such
evaluation methods have been applied in several ¯elds2 (for example concerning the labor market
or medical treatments) but they are still unusual in the ¯eld of long-term care.
The lack of evaluation in this ¯eld can perhaps be explained by the speci¯c di±culty to
de¯ne a signi¯cant indicator as the basis of the measure of care programs e®ect (Joel [1997]).
Usual indicators in health economics, such as the number of recoveries or the number of healthy
days saved are obviously not adapted when evaluating care programs for chronic-disease pa-
tients. Even a concept such as quality of life of patient is almost useless because patients with
Alzheimer's disease lose quite quickly their communication and judgement abilities. The solution
proposed in this paper for this second di±culty is to focus on the evaluation of care programs
for Alzheimer's disease patients on their primary informal caregiver3.
Adopting this point of view puts some serious constraints on the nature of data needed to
evaluate the impact of care programs for elderly with Alzheimer's disease. In this paper, we use
an European survey on innovative programs conducted jointly in 1998 in six European countries
by the LEGOS (Laboratoire d'Economie et de Gestion de l'Universit¶ e de Paris Dauphine, France)
and the INSERM (Unit¶ e 500, Montpellier, France) and ¯nanced by the European Commission
(Colvez and Joel [1999]). It provides information on a sample of about 300 informal caregivers
of mentally-impaired elderly receiving care either in day-care center or in group living or in
traditional care structures with a special service for diagnosis, follow-up and coordination of
care.
The paper is organized into three sections. First we specify the model and we explain
2See Bassi [1984], Barnow [1987], Angrist and Krueger [1991], Bonnal, Fougere and Serandon [1997], Heckman,
Lochner, Smith and Taber [1997].
3The most deeply involved and unpaid caregiver.
3its estimation procedure. In the second section, we describe the data. The results and their
implications for long-term care policy are presented in the last section. We conclude with
indications on prospects for further research.
2 Classical econometric selection model in a long-term care eco-
nomics context
The programs we consider in this paper are care programs targeted at elderly people with
Alzheimer's disease and their informal caregiver. Some of these programs can be described as a
high-quality implementation of traditional care methods but two of them are based on new caring
methods: day care centers and group-living. We focus our attention on these two innovative
care programs and try to compare them with the more traditional ones. In this context, the
relative impact of innovative programs is de¯ned as the di®erence between the outcomes of
innovative programs participants and what the outcomes of these participants would have been
with traditional programs. Obviously the last ones are not observable and we need to develop
methods to estimate them.
In this perspective, we construct a selection model variously attributed to Fisher [1935],
Roy [1951] and Quandt [1972]. The di®usion of such models in applied economics for evaluating
social programs such as training programs for unemployed people is rather recent4. These models
measure the impact of a social program by comparing the participants outcomes to what the
outcomes of participants would have been without the program. A standard method to evaluate
social programs consists of using the outcomes of non-participants to estimate what participants
would have experienced if they had not participated. In a context of a non-experimental program,
this produces a bias called selection bias, due to the self-selection of participants. Several
estimators have been developed in order to adjust for this selection bias5.The estimator used in
this paper is based on index-su±cient methods.
These methods consist of modelling the selection processus in order to capture the di®erences
whether observed or not between participant and non-participant populations and integrating
this information to estimate the outcomes. As the determinants of the outcome are a priori
di®erent according to the care program chosen (innovative or traditional), the model uses two
4See Heckman and Smith [1999] for example.
5These estimators are summarized in Heckman, Lalonde and Smith [2000].
4distinct equations to estimate the outcome. However, the use of two equations is not su±cient to
deal with the self-selection problem. Indeed, estimating the outcome equation of an innovative
program on the sub-population who chose it gives information on the e®ect of this program on
this speci¯c sub-population. But if the population of the innovative program participants di®er
from the rest of the population (not only in its observed characteristics but also in its unobserved
ones) the estimated equation cannot be used to predict the outcome the entire population would
have been if cared by the innovative program. To adjust for this selection bias relied on the
potentially di®erence between the two sub-populations, a solution is to model the self-selection
processus. Indeed, taking the selection mechanism into account in the estimation of the outcome
equations with the help of correction terms allows to obtain results that are valid for the entire
population6.
Practically, the impact of the innovative program can be evaluated through di®erent outcome
variables, depending on the adopted point of view. Families and government, for example, would
not characterize the impact in the same way. We choose as outcome variable the well-being of the
primary informal caregiver. The primary informal caregiver (most of the time spouse or children)
is an important component of the care network for dependant elderly. When the person, who is
cared for, su®ers from dementia, the primary caregiver holds a very special position, providing
care without any respite at home, being in charge of most of the decisions concerning the
organization of the patient's life. The impact of caregiving on their life is so massive that
clinicians often examine the physical and psychological state of the primary informal caregiver
to learn about the patient's one (Baumgarten [1989]). That is the reason why the burden
of the informal caregiver as measured by gerontologists with the Burden Interview of Zarit
(Braithwaite [1992], Bach-Peterson, Reever and Zarit [1980]) is considered in this study as an
adequate indicator7 to capture the e®ect of care programs for Alzheimer's disease and related
mental-disorder patients.
6Intuitively, modelling the self-selection processus allows to capture the important di®erences between the two
sub-populations and thus to integrate this information when estimating the outcome equations on the partial
samples.
7The gerontological concept of burden, measured through the Burden Interview developed by Zarit seems to
be one of the most consensual indicators; it corresponds quite well to the economic concept of indirect disutility.
52.1 The model
Let D be the selection variable: D = 1 if families choose innovative program and 0 if they choose
the traditional one. Let Y0 be the utility level obtained in state 0 and Y1 the one in state 1. The
outcome equations can be written in that way:
Y0 = X0¯0 + U0 (1)
Y1 = X0¯1 + U1 (2)
where U0 and U1 are residuals, ¯0 and ¯1 are vectors of parameters and X the explanatory
variables (exogenous) of the outcomes.
To adjust selection bias we need to model the participation decision. We suppose that people
with Alzheimer's disease and their informal caregiver choose between the innovative program
and the traditional one with respect to the expected gain of utility they anticipate between the
two programs.
If I denotes the expected gain of utility between innovative program and traditional program,
then the selection process is modelled as:
D =1 i f I ¸ 0
D =0 i f I<0
(3)
We suppose that the selection decision are explain by exogenous instruments Z in that way:
I = Z0° ¡ V (4)
where V is the residual and ° is the vector of parameters.
As we model the selection processus and the outcomes together, the usual distributional
assumptions have to be written conditionally on the entire set of the exogenous variables:
E (U0=X;Z) = 0 for the outcome equation (1)
E (U1=X;Z) = 0 for the outcome equation (2)
E (V=X;Z) = 0 for the decision process (4)
2.2 Parameters of interest: Relative impact and conditional impact
The impact of the innovative program relative to the traditional program is de¯ned as follows:
¢=Y1 ¡ Y0. The problem of program evaluation arises because we observe either Y0 or Y1 for
each person, but never both so that the impact cannot be calculated.
For estimating the program impact it is necessary to reconstruct:
6¡ the utility level Y0 for families who participate in the innovative program,
¡ the utility level Y1 for families who participate in the traditional program.
This counterfactual approach leads to di®erent parameters of interest. First, the two conditional
average treatment e®ects:
¡ the mean treatment e®ect on the I-treated8: this parameter of interest provides the impact
of the innovative program for people who chose it in the current situation of selection.
¢treated = E (¢=X;Z;D=1 )
= E (Y1=X;Z;D=1 )¡ E (Y0=X;Z;D=1 )
= X0¯1 + E (U1=X;Z;D=1 )¡ X0¯0 ¡ E (U0=X;Z;D= 1) (5)
¡ the mean treatment e®ect on the T-treated provides information on what would happen if
the "untreated" population were cared for in the innovative program. Compared with the mean
treatment e®ect on the I-treated, it reveals the degree of suitability of the current situation of
selection.
¢untreated = E (¢=X;Z;D=0 )
= X0¯1 + E (U1=X;Z;D=0 )¡ X0¯0 ¡ E (U0=X;Z;D= 0) (6)
Second, the average treatment e®ect tells us what would be the mean impact on the whole
population if the government decided to extend the o®er of innovative programs.
¢ATE = E (¢=X;Z)=X0¯1 ¡ X0¯0 (7)
2.3 Method of estimation
Due to the self-selection mechanism, the D variable is endogenous and so the above conditional
means of residuals (U0;U 1) are not zero a priori. This implies that estimating the outcome
equations (1) and (2) only on the sub-sample of the T and I-treated respectively leads to bi-
ased estimates of parameters ¯0 and ¯1. Indeed, the obtained estimations cannot be applied to
predict the outcome in the unobserved situation (outcome of T-treated when cared by the inno-
vative program and reciprocally). In order to get unbiased estimates of ¯0 and ¯1, a particular
functional form for conditional means must be speci¯ed.
8From now on, we denote by I-treated persons who are cared by the innovative program and by T-treated
persons who are cared by the traditional one.
7In that sense we suppose the following normal distribution for the residuals:
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For the identi¯cation of ° we shall assume that ¾2
v =1 .
Under these assumptions, the conditional means of residuals correspond to:
















where ' and © denote the density function and the cumulative density function of the
standard normal respectively.






and thus, we have:
E (Y0=X;Z;D=0 ) = X0¯0 + ¾v0W0
E (Y1=X;Z;D=1 ) = X0¯1 ¡ ¾v1W1
Hence, one can estimate impacts of innovative programs with a two-stage estimation pro-
cedure9. First we obtain an estimate of ° using probit model 10 from equation (3), and then
obtain estimates of W0 and W1 (denoted ^ W0 and ^ W1 from now on). Second, we estimate by
ordinary least squares method (OLS) the following expression, substituting W0 and W1 by their
estimates:
Y0 = X0¯0 + ¾v0W0 + ²0 (12)
Y1 = X0¯1 ¡ ¾v1W1 + ²1 (13)
with: ²0 = U0 ¡ E (U0=X;Z;D= 0) according to (1)
²1 = U1 ¡ E (U1=X;Z;D= 1) according to (2)
As W0 and W1 are non linear functions of the instruments Z, there is no identi¯cation prob-
lem for estimating ¯0 and ¯1 even if Z and X are composed of the same variables. Moreover,
9This procedure is similar to the two-stage procedure in Maddala [1984].
10Due to the hypothesis of the normality of the residuals of the selection process model V .
8because of E (²0=X;Z;D=0 )=0 ,E (²1=X;Z;D= 1) = 0, the OLS method provides consistent
estimates of ¯0, ¯1, ¾v0 and ¾v1. However, since residuals ²0 and ²1 are heteroscedastic by con-
struction, the variance estimates of the estimators are biased. As OLS estimates are consistent,
we choose to keep these estimators and adjust their variance estimates as shows in appendix
A. So this procedure, easy to implement, not only provides us consistent estimates which al-
low for the computation of all the parameters of interest, but also allows for a quite natural
microeconomic interpretation of the index I which guides us for the choice of the instruments.
3 The Data
3.1 A European Survey
The data used in this paper comes from a survey jointly conducted by the LEGOS (Universit¶ e
Paris Dauphine, France) and an INSERM unity (unit¶ e 500, Montpellier, France) in 1998 in
six European countries 11. This survey contains information on about 300 informal caregivers
in charge of patients with dementia of the Alzheimer type. The sample is selected with the
help of six care centers12 which full ¯lled two criteria: providing services for people with senile
dementia, and integrating the primary informal caregiver in the care program. Eligible patients
are de¯ned according to their Mini-Mental Status examination (MMS)13 (lower than 26), so all
patients of the sample su®er from severe cognitive deterioration, their age (over 55) and the
length of caregiving in the center (more than 3 months) to avoid unstable situations.
Fifty patients are randomly pooled from the eligible population in each center. For each of
them, professionals of the centers then determine which caregiver to contact. The questionnaire
administered to the primary caregiver ¯rst collects information on the personal characteristics
of patient (sex, age, relation to caregiver, disability level for Activities of Daily Living (ADL)14,
11This survey generated substantial research in epidemiology and economics to compare the outcome of the six
centers on the caregivers quality of life on the one hand, and on the other hand on the resources they mobilize. See
for example Cozette, Gramain and Joel [1999], Colvez, Joel, Ponton-Sanchez and Royer [2000b], Colvez, Cozette,
Gramain and Joel [2000a], Cozette, Gramain, Joel and Malavolti [2000].
12One center in each of the following countries has been selected: Belgium, Denmark, France, Germany, Spain,
Sweden.
13The Folstein's Mini-Mental Status is the cognitive capacities deterioration scale the most currently used in
psycho-gerontology (Folstein, Folstein and McHugh [1975]).
14See Cash, Downs, Grotz and Katz [1970].
9con¯nement level and MMS). Second, the caregiver is asked to complete self-administered ques-
tionnaires: the Nottingham Health Pro¯le (NHP), a quality-of-life scale, and the Zarit Burden
Interview15. The third part was focused on the economical aspects of caregiving: socioeconomic
features of patients and informal caregivers (occupation, income, marital status...), care produc-
tion (type of home-based care providers and informal caregivers, time devoted to care and tasks
provided by each one), and total cost of caregiving and ¯nancing patterns.
3.2 Sub-samples
As we mentioned before, the participating care centers can be divided in two categories:
¡ centers delivering traditional care including a deepening medical and social diagnosis,
¡ centers delivering innovative care (day care centers and group-living) also including a
deepening medical and social diagnosis.
The day care centers o®er a regular daily accommodation for elderly with dementia living
at home, providing supervised social and personal activities and stimulation to o®set memory
loss 16. The group-living consist of several units of 6 to 8 single apartments grouped around
a common area (living room and kitchen) where a permanent and trained sta® cares for the
residents and engage them in daily life activities in order to maintain their personal autonomy
and competencies.
In order to construct an appropriate "reference" sub-sample (D=0 sub-sample) for each of
the two innovative care structures, we divided the sample of patients receiving traditional care
in two sub-samples. We consider on the one hand, people receiving traditional home-based
care (D=0) to be compared to people cared for by day care centers (D=1), and on the other
hand, people living in traditional residential cares (D=0) to be compared to people living in
group-living (D=1). Thus, we obtain four sub-samples17 allowing us to evaluate the impact of
innovative programs comparing them to a high quality traditional programs. Recall that, as we
choose to measure the caregiver's well-being by the Zarit Burden Interview, all the impacts of
innovative programs are evaluated in terms of disutilily level.
15One can ¯nd the Zarit Burden Interview in appendix B
16These centers are similar to child care centers for elderly.
17The main features of the four sub-populations are presented in table 2.
104 The results
Taking selection bias into account gives an impact evaluation which is clearly di®erent from that
obtained by a simple comparison of burden levels between the I-treated group and the T-treated
one. The estimation results of the selection and outcome models are summarized in tables 3
and 418. From an analytic point of view, parameter estimates can be used for interpretation at
the individual level. But in terms of prediction and forecast, the population level appears to be
more relevant. That is why our results are presented through impact distributions. The impact
distributions on the di®erent sub-samples which are available are shown in graph 1 to 6. As the
level of the estimated impacts depends on the individual characteristics, these distributions are
obviously conditional to the distribution of the regressors in the considered sub-sample.
4.1 Main predictive factors
As expected, the explanatory variables19 that are signi¯cant in the di®erent models are of the
same type20. They can be divided in three main groups.
¡ Disabilities of the cared elderly person: the choice probability of care programs and the
level of caregiver's burden are related to the impairment status of the elderly. Di®erent indicators
are found to be signi¯cant: the intensity of physical incapacity, the degree of mental regression
as well as interactions between these two indicators.
¡ Caregiver's pro¯le: the caregiver's psychological and material investment in caregiving
has considerable e®ects on care programs outcome. The outcome is a®ected by demographic
characteristics such as caregiver's age and gender. It also varies according to the caregiver's
health status and the feeling of loneliness facing care decisions. This group of characteristics
appears to be less signi¯cant in the program selection process: the only signi¯cant variable
describes the kinship between the elderly and the informal caregiver.
¡ Economics aspects: the last dimension which contributes to the selection process and
outcome regards economics aspects of caregiving : unitary prices of care services as well as time
18Six models were estimated: one selection model (probit) in the ¯rst step and two outcome models (linear
regression with selection bias correction) in the second step for each of the two innovative programs.
19See table 1 for a non-exhaustive list of explanatory variables.
20The latent variable in the selection model and the dependent variable in the outcome models are linked since
the ¯rst one is supposed to measure the anticipated gain or loss of indirect utility, while the second one is an
empirical indicator of the indirect disutility level.
11and budgetary resources available.
These explanatory variables will be presented more in depth at the end of the section,
examining the way they a®ect the average impact of each innovative care program.
4.2 Selection bias
The auxiliary variables W0 and W1 introduced in outcome equations (12) and (13), allow to
analyze the selection problem. The selection bias is given by:
B0 = E (U0=X;Z;D=0 )¡ E (U0=X;Z;D= 1) when we estimate ¢treated
or B1 = E (U1=X;Z;D=0 )¡ E (U1=X;Z;D= 1) if we estimate ¢untreated
that is, according to (8), (9), (10) and (11),
B0 = ¾v0(W0 + W1)
B1 = ¾v1(W0 + W1)
Thus, when we estimate outcome equations for the two innovative programs we test nullity
of ¾v0 and ¾v1 estimates, which is equivalent to test the absence of selection bias.
In our sample, the data cannot reject the null hypothesis (absence of selection bias) in
the case of residential care (group-living or traditional residential care), while they reject this
assumption in the case of home-based care (day care center or traditional home-based care).
The absence of selection bias in the case of residential care can be explained by the fact that
only very few structures exist (except in Scandinavian countries) so that elderly who would like
to enter group-living are often living in traditional nursing-homes for lack of availabilities. It
can be noticed that, in this case, we should ¯nd a positive impact of group-living programs on
patients receiving traditional programs.
In the day care center case, selection occurs. The comparison of the two conditional e®ects
will allow us to analyze the quality of this selection process: it will lead to a good orientation
if day care centers positively a®ect people who choose this innovative program and negatively
a®ect those who choose the traditional one.
4.3 Distributions of conditional average impact
The estimation results enable the computation of an estimate of the conditional impact of
innovative care program for each sub-sample as given by equations (5) and (6).
124.3.1 Day care centers conditional impact
The distribution of the conditional impact of day care centers on the sub-sample receiving this
service (see ¯gure 1) shows that about 97.4 percent of the caregivers in this sub-sample have
a lighter burden than they would have with a traditional home-based care arrangement. The
participation in the day care center program decreases the primary caregiver's burden by 22.71
points on average.
The distribution of the conditional impact of day care centers on the reference sub-sample
(elderly with traditional home-based services) looks very di®erent (see ¯gure 2). For these
caregivers, participating in a day care center program would increase their burden by 9.31
points on average. Only 25.3 percent of them would feel better with the innovative program
than with the traditional one.
The comparison of the two conditional distributions shows that the e®ectiveness of day care
centers is concentrated on a speci¯c part of the population. It also demonstrates the suitability
of the present selection mechanism since the day care center program appears to be of some
bene¯t for the caregivers who already chose it but seems unable to diminish the burden of the
others.
4.3.2 Group-living conditional impact
As for the day care center program, the conditional distribution of group-living impact on
the sub-sample of innovative cared elderly (see ¯gure 3) con¯rms the e®ectiveness of this care
program in terms of caregiver's burden reduction, but to a lower extent: the distribution of
conditional impact is much more concentrated (the standard deviation for the day care center
is twice higher) and is characterized by an average burden reduction of 10.33 points.
However, the striking di®erence between the two innovative care programs comes from the
reference sub-samples. The impact of group-living on the burden of caregivers is quite the same
in the group-living sub-sample and in the reference sub-sample (traditional nursing-homes):
85.7 percent of the caregivers taking care for an elderly receiving traditional residential care
would endure a lower burden if the patient were in group-living (see ¯gure 4). In this reference
sub-sample, the average burden diminution would be of about 12 points.
These results suggest that the impact of group-living structure on caregiver's burden is not
great (compared with the impact of day care center) but it bene¯ts the entire population. Thus
13the present selection mechanism induces rationing in the access to group-living either because
of a lack of information which prevents families from rational care arrangement choice, or, more
probably, because the number of group-living build in Europe is still very low.
4.4 Distribution and determinants of average impact
The results obtained in terms of conditional impact are corroborated by those in terms of average
impact (see ¯gures 5 and 6). The average impact, usually known as Average Treatment E®ect,
is given by equation (7). It corresponds to the real impact of care program before any selection
and makes sense for the most general population of elderly people with Alzheimer's disease or
related disorders21. The statistical determinants of the average impact (given by ¯1 ¡ ¯0 ; see
table 3 for day care centers, and table 4 for group-living) provide some information about target
groups policies. It allows for the identi¯cation of the socioeconomic or medical characteristics of
the elderly and their caregivers that are associated with the most important reduction of burden
by innovative care programs.
4.4.1 Determinants of day care centers impact
The estimation results clearly reveal categories of population for which participating in day
care center programs induces a major reduction in caregiver's burden. The ¯rst most relevant
category corresponds to elderly su®ering from moderate physical and mental disabilities (10 <
MMS < 26 and 1 <A D L<4). For this category, participating in a day care center program
reduces the caregiver's burden by an average of 24.1 to 36.3 additional points compared with
the caregivers for those elderly su®ering from more severe disabilities, ceteris paribus.
Caregivers who we could call with a hint of a®ection the "strong guys" (men who care for
their wife, who enjoy good health and do not feel lonely) constitute a second category. Compared
with the rest of the caregivers, the impact of day care centers on their burden is on average 25
points higher, ceteris paribus.
Third, caregivers who have to deal with tight time constraints (employed caregiver who have
already modi¯ed their leisure activities) pro¯t by a burden reduction when participate to day
care centers of around 24.5 points on average higher than for the others, ceteris paribus.
21That is the reason why both potentially concerned sub-samples (people included in traditional or innovative
programs) are pooled for the distributions that illustrate this part of our results: the pooled sample gives a better
idea of the regressor distributions in a general population.
14Regarding budgetary aspects, when the average price to pay for traditional home-based care
rises by 1 ecu per hour, the burden reduction induced by participating in a day care center
program rises by 0.85 points.
4.4.2 Determinants of group living impact
Because the distribution of the group-living impact relative to traditional residential care involves
less disparities among the di®erent categories of elderly and caregivers, this program does not
lend itself so well to target group analysis. The burden reduction that can be obtained are quite
short.
However, it must be noted that, in terms of physical and mental status of persons cared for,
the most appropriate category of patients for group living correspond to the elderly with severe
cognitive deterioration (MMS < 10) and severe physical status. For this category, the impact
of group-living on the caregiver's burden is on average 3.8 points higher than for the rest of the
population, ceteris paribus.
Group living appears to be less e®ective when the caregiver is the spouse or a child of the
residents. For this category, the caregiver's burden reduction is on average 8.3 points lower than
for the rest of the caregivers, ceteris paribus.
Finally, caregivers that have already changed their leisure activities bene¯t from a greater
impact of group living (13 additional points) than the other categories of caregivers, ceteris
paribus.
5 Conclusion
Using a recent survey conducted in six European countries, this paper proposes to evaluate
the impact of two innovative care programs for elderly with Alzheimer's disease on the burden
endured by their primary caregivers.
Regarding the ¯rst innovative program -day care centers- the estimation results con¯rm
the existence of selection bias in the case of home-based care. The adjusted impact of day
care centers shows, ¯rst, that this innovative program greatly alleviates the caregiver's burden
(compared with traditional care) but only for some speci¯c categories of the population. Second,
the current selection mechanism is quite e±cient, since the day care centers appear to be of some
bene¯t for those caregivers who already chose this type of care program.
15The selection and outcomes models for group-living and traditional residential care do not
reveal any selection bias. In this case, the innovative program is associated with a reduction of
the caregivers' burden for almost every respondents but the impact (burden di®erence) always
remains moderate.
In terms of recommendations for public health policy our results have very di®erent impli-
cations for each program. While day care centers seem to have found their target group and
to match the needs (at least in the countries represented in the survey), the small numbers of
group-living in Europe seems to cause strong rationing e®ect. The development of such care
structures could then notably improved the well-being of informal caregivers.
However, even if the ¯ndings obtained in this frame already gives some relevant information
for public policy, the study presents some limitations. Unfortunately, some of these limitations
are imposed by the subject and cannot easily be overcome. By de¯nition, working on innovative
care programs imposes to work with very small data sets. In order to select enough respondents,
there are not many solutions but to conduct the survey on an European scale. The consequence
is that the data contains geographical, cultural and political disparities which are di±cult to
capture statistically through lack of a su±cient number of observations.
Fortunately, some other limitations open the way for further research in at least three direc-
tions. First, our parametric approach of selection bias correction could probably be favorably
replaced by semi or non parametric approach in order to avoid some risks of misspeci¯cation.
Second, distinguishing di®erent types of traditional care would allow to get di®erential impacts
and to determine among traditional care arrangements which ones have to be replaced by the
innovative program. Finally, the third direction could be to put the ¯nancing rules explicitly in
the outcomes model. In this paper the caregiver's and patient's participation to care ¯nancing
are taken into account but in an implicit way so that the results we get are necessarily conditional
to the current ¯nancing rule of our sample. A model with explicit ¯nancing and reimbursement
rules would allow us to make more accurate policy simulations as for example the extension of
group-living with such and such a ¯nancing pattern.
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Consider a sample of size N, and let i denote individuals. The conditional variances of the
residuals ²0 and ²1 are:
Va r(²0=X;Z;D=0 ) = ( Va r(²0i=X;Z;D= 0))t
i=1;::;N
Va r(²1=X;Z;D=1 ) = ( Va r(²1i=X;Z;D= 1))t
i=1;::;N
with:
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See Maddala [1984] for estimates of ¾2
0 and ¾2
1.
21B Zarit Burden Interview
Instructions for the burden interview22
The Burden Interview has been specially designed to re°ect the stresses experienced by
caregivers of dementia patients. It can be completed by caregivers themselves or as part of an
interview. Caregivers are asked to respond to a series of 22 questions about the impact of the
patient's disabilities on their life. For each item, caregivers are to indicate how often they felt
that way, (never, rarely, sometimes, quite, frequently, or nearly always).
The Burden Interview is scored by summing the responses of the individual items. Higher
scores indicate greater caregiver distress. The Burden Interview, however, should not be taken as
the only indicator of the caregiver's emotional state. Clinical observations and other instruments
such as measures of depression should be used supplement this measure. Norms for the Burden
Interview have not been computed, but estimates of the degree of burden can be made from
preliminary ¯ndings.
These are:
0 - 20 Little or no burden
21 - 40 Mild to moderate burden
41 - 60 Moderate to severe burden
61 - 88 Severe Burden
The Zarit Burden Interview
1. Do you feel that your relative asks for more help than he or she needs?
2. Do you feel that because of the time you spend with your relative that you don't have enough
time for yourself?
3. Do you feel stressed between caring for your relative and trying to meet other responsibilities
for your family or work?
4. Do you feel embarrassed over your relative's behavior?
5. Do you feel angry when you are around your relative?
6. Do you feel that your relative currently a®ects your relationship with other family members?
7. Are you afraid what the future holds for your relative?
8. Do you feel your relative is dependent upon you?
9. Do you feel strained when you are around your relative?
22From Zarit, Reever and Bach-Peterson [1980].
2210. Do you feel your health has su®ered because of your involvement with your relative?
11. Do you feel that you don't have as much privacy as you would like, because of your relative?
12. Do you feel that your social life has su®ered because you are caring for your relative?
13. Do you feel uncomfortable having your friends over because of your relative?
14. Do you feel that your relative seems to expect you to take care of him/her, as if you were
the only one he/she could depend on?
15. Do you feel that you don't have enough money to care for your relative, in addition to the
rest of your expenses?
16. Do you feel that you will be unable to take care of your relative much longer?
17. Do you feel you have lost control of your life since your relative's death?
18. Do you wish you could just leave the care of your relative to someone else?
19. Do you feel uncertain about what to do about your relative?
20. Do you feel you should be doing more for your relative?
21. Do you feel you could do a better job in caring for your relative?
22. Overall, how burdened do you feel in caring for your relative?
23C Tables and Figures
C.1 Descriptive Tables
Table 1: Explanatory Variables
Available variables Nature




Con¯nement Level (bed) Binary f0,1g
Con¯nement Level (home) Binary f0,1g
MMS Continuous [0,26]
Characteristics of primary caregivers
Age Continuous [27,97]
Sex Binary f0,1g
Relation to patient Spouse, child, other relatives
Care consequences on health Binary f0,1g
Feeling of loneliness facing care decisions Binary f0,1g
Resorting to expert center Binary f0,1g
Zarit Level Continuous [2,80]
Unitary prices of services(ecus)
Hourly Rate in Day-center Continuous [0,10]
Hourly Rate of Professional Home-based Care Continuous [0,44]
Monthly Rate of Residential Care Continuous [0,2574]
Monthly Rate of Group-living Continuous [0,913]
Time resources
Living with the elderly Binary f0,1g
Number of Additional Informal Caregivers Continuous [0,3]
Occupation Employed, retired, unemployed
Modi¯cation of Leisure Activities Binary f0,1g
Modi¯cation of Professional Activities Binary f0,1g
Informal Care Time (hours/week) Continuous [0.25,168]
Budgetary resources
Caregivers home ownership Binary f0,1g
Patients home ownership Binary f0,1g
Patients' per capita Income (ecus) Continuous [158, 2770]
Caregivers' per capita Income (ecus) Continuous [74,2803]
Care Expenditures of caregivers (ecus/month) Continuous [0,4955]
24Table 2: Main Features of Sub-populations
Variables Traditional Home- Day Care Traditional Group-
based Care Center Residential Care living
Health Status of Patients
Bed-ridden 21% 26.9% 26% 20%
Severe ADL - Severe MMS 23% 41% 45.6% 34%
Light ADL - Severe MMS 4.4% 5% 4.3% 22%
Severe ADL - Light MMS 13.2% 19% 21.7% 6%
Characteristics of primary caregivers
Male 36.3% 33.3% 52.2% 34%
Spouse 46.1% 44.9% 34.8% 6%
Child 44% 43.6% 58.7% 60%
Other relatives 9.9% 11.5% 6.5% 34%
Care consequences on health 67% 61.5% 65.2% 20%
Feeling of loneliness facing care decisions 51.6% 33.3% 45.6% 4%
Resorting to expert center 69.2% 9% 60.9% -
Resorting to Temporary Hospitalization 18.7% 2.6% 39.1% -
Resorting to Home-social service 12.1% 26.9% - -
Zarit Level 38pts 39pts 38pts 17pts
Time resources
Modi¯cation of Leisure Activities 59.3% 78.2% 60.9% 8%
Modi¯cation of Professional Activities 20% 22% 9.1% 0%
Budgetary resources
Patients' per capita Income 695.8ecus 1164ecus 1016ecus 857ecus
Caregivers' per capita Income 668.5ecus 973.9ecus 767.2ecus 762ecus
Family Care Expenditures 338.4ecus 657.5ecus 1047.6ecus 661ecus
25C.2 Estimation Results
Table 3: Evaluating the impact of Day Care Center
Participation Outcome Equation Outcome Equation
Equation (Probit) Day Care Center Home Care
Dependent Variable DY 1 Y0
Intercept¤ 3.5924 [0.0001] 17.5908 [0.0059] 32.2887 [0.0000]
Nature of patients'disabilities
MMS if ADL=0 -0.0533 [0.0025]
MMS if (ADL=2 or ADL=3) -0.7611 [0.0067]
MMS>10 and (ADL=4 or ADL=5) 20.0495 [0.0010]
ADL=2 or ADL=3 16.5365 [0.0003]
ADL=4 or ADL=5 -4.9674 [0.0699]
Type of investment of the caregiver
Age of caregiver 0.2860 [0.0033]
Sex of caregiver -8.8582 [0.0012]
Neither spouse nor child caregiver 0.8886 [0.0628]
Consequences on caregiver's health 15.8517 [0.0000] 7.8715 [0.0196]
Feeling of loneliness facing decisions 8.3918 [0.0017]
Resorting to expert center -10.5184 [0.0141]
Economics aspects
Hourly rate in Day-center -3.6889 [0.0001]
(h.r. in Day-center)2 0.7503 [0.0013]
h.r. of professional home-based care -0.8506 [0.0507]
Patient Income when non spouse -0.0029 [0.0194]
Employed or self-employed caregiver 8.4375 [0.0241]
Modi¯cation of leisure activities 0.7291 [0.0427] 15.9995 [0.0000]
Selection Biais Correction -5.8842 [0.0141] -13.8450[0.1365]
F-stat¤¤ 98.3303 [0.0000] 9.9073 [0.0000] 11.3807 [0.0000]
Quality¤¤¤ 83% 0.51 0.47
¤P-value (i.e. empirical signi¯cance level) is given in square brackets.
¤¤LR statistic for participation equations and Fisher statistic for outcome equations test the overall signi¯cance
of the model.
¤¤¤The quality indicators used are the percentage of good predicted for participation equations, and the adjusted
R-squared for outcome equations.
26Table 4: Evaluating the impact of Group-living
Participation Outcome Equation Outcome Equation
Equation (Probit) Group-living Residential Care
Dependent Variable DY 1 Y0
Intercept¤ 3.0337 [0.0001] 36.1488 [0.0000] 27.6262 [0.0000]
Nature of patients'disabilities
MMS>10 and ADL>1 -1.1428 [0.0410]
MMS·10 and ADL·1 1.0394 [0.0809]
MMS·10 and ADL>1 -3.7887 [0.1317]
ADL if bed-ridden -2.8226 [0.0077]
Type of investment of the caregiver
Age of caregiver -0.2510 [0.0187]
Neither spouse nor child caregiver -8.3128 [0.0017]
Spouse caregiver -2.1920 [0.0092]
Consequences on caregiver's health 15.5332 [0.0000] 14.9138 [0.0016]
Resorting to expert center -11.0791 [0.0045]
Economics aspects
Patient Income when non spouse -0.0017 [0.0069] -0.0047 [0.0994]
Non spouse caregiver owner -1.0788 [0.0170]
Modi¯cation of leisure activities -2.0596 [0.0003] 13.0602 [0.0178]
Selection Biais Correction -1.3577 [0.6371] 6.6085[0.2974]
LR-stat/F-stat¤¤ 60.5203 [0.0000] 6.8327 [0.0000] 10.0401 [0.0000]
Quality¤¤¤ 86% 0.42 0.51
¤P-value (i.e. empirical signi¯cant level) is given in square brackets.
¤¤LR statistic for participation equations and Fisher statistic for outcome equations test the overall signi¯cance
of the model.
¤¤¤The quality indicators used are the percentage of good predicted for participation equations, and the adjusted
R-squared for outcome equations.
27Figure 1: Conditional Impact of Day Care Center on Day Care Center sub-sample







Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
76 -22.71 -24.80 11.90 -55.97 13.78 0.18 2.75
Figure 2: Conditional Impact of Day Care Center on Home-based Care sub-sample







Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
91 9.31 10.94 48.36 -28.63 14.93 -0.21 2.93
28Figure 3: Conditional Impact of Group-living on Group-living sub-sample











Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
49 -10.33 -10.50 2.84 -26.05 6.88 -0.10 2.36
Figure 4: Conditional Impact of Group-living on Traditional Residential Care









Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
42 -11.31 -11.97 6.06 -29.48 8.62 0.006 2.51
29Figure 5: Average Treatment E®ect of Day Care Center











Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
167 -5.26 -7.07 33.20 -45.21 16.93 0.11 2.46
Figure 6: Average Treatment E®ect of Group-living










Nobs Mean Median Max. Min. Sdt Dev Skewness Kurtosis
91 -10.83 -11.16 8.06 -29.31 8.33 0.07 2.54
30